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© A battery monitor (10) which monitors the operating parameters of a battery (12) to provide an indication of, 
for example, the absolute state of charge, the relative state of charge, and the capacity of the battery under 
battery discharge, rest, and recharge conditions. The battery monitor (10) includes a current sensor (18) for 
sensing battery current, a voltage sensor (20) for sensing battery voltage, and a temperature sensor (22) for 
sensing battery temperature. A processor (26) approximates to a high level of accuracy the battery parameters 
utilizing an iterative process based upon predetermined relationships, employing empirically determined con- 
stants and parameters determined in the immediately preceding iteration stored in memory. Output signals 
indicative of the determined parameters are provided and may be utilized for many different battery applications. 
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The present invention is generally directed to a battery monitor for monitoring the operating parameters 
of a battery such as a lead-acid battery. The present invention is more particularly directed to a battery 
monitor for monitoring the operating parameters of a battery and providing output signals indicative of the 
operating parameters such as the capacity of the battery, the relative state of charge of the battery, or the 

5 absolute state of charge of the battery independent of whether the battery is in discharge, recharge, or at 
rest. The battery monitor, at spaced apart time intervals, estimates the operating parameters to a high 
degree of accuracy based upon predetermined relationships of measured battery current, measured battery 
voltage, measured battery temperature, empirically determined constants, and previously determined 
operating parameters or measured values. 

w Lead-acid storage batteries have become highly refined since these devices were first utilized 
commercially about 125 years ago. Since its introduction, the lead-acid storage battery has distinguished 
itself as a highly efficient and reliable electrochemical energy source. In addition to being a highly efficient 
energy source, lead-acid storage batteries are also relatively insensitive to debilitating temperature effects 
over a broad temperature range of, for example, -40° to about 160 Q F. As a result, lead-acid storage 

75 batteries lend themselves to a broad range of utilities which continues to increase. 

Transportation is one example of a commercial use for lead-acid storage batteries. Such batteries have 
been used for small or personal vehicle movement for quite some time. For example, such batteries have 
been used effectively for golf carts, wheelchairs, trolling motors or similarly small-scaled transportation 
devices. There has also been great interest recently in the adaptability of such storage batteries for 

20 providing power to larger vehicles such as, the so-called "electric car." Such vehicles rely heavily upon the 
regenerative ability of lead-acid storage batteries to provide adequate power for transportation over 
reasonable distances, as for example, 50 miles, without the need for recharging. For such applications, it is 
of obvious importance to the user that a destination be reached prior to the need to recharge or replace the 
batteries. Currently, because of the rarity of electric vehicles for general transportation, facilities do not exist 

25 as a general matter for recharging such batteries and hence, travel must be carefully scheduled and 
monitored. In turn, there is a compelling need for monitoring the state of charge of the battery or batteries 
to provide an accompanying fuel gauge like indication of the amount of energy remaining in the battery or 
batteries for continued travel. 

There have been a number of proposals, in the prior art, for providing such monitoring of batteries, such 

30 as a lead-acid storage battery. For example, one arrangement examines the condition of a storage battery 
used as a starting, lighting and ignition battery for an internal combustion engine. This arrangement 
measures battery voltage under opened circuit conditions and while the battery is subjected to a 
predetermined AC load and a predetermined DC load. The temperature of the battery is also monitored. A 
microprocessor utilizes the opened circuit potential, the measured potential under both DC and AC loading, 

35 and the temperature to ascertain the characteristics of the battery. For example, internal resistance is 
determined and, should it be found to be excessive, the battery is deemed defective. Open circuit voltage, 
internal resistance and temperature provide inputs for calculating the estimated power at a fully charged 
state. The apparatus then discharges the battery through a reference load for about 15 seconds at constant 
toad and measures a 15 second battery voltage. This voltage is then compared to a similar voltage of a 

40 battery at about 75% state of charge under the same conditions. If the voltage measured is higher than 
value maintained in a computer, the battery condition is deemed good. As a result, performance bench- 
marks are ascertained with a view toward determining battery capability. 

Another arrangement concerns an apparatus for determining the general state of charge of a battery. 
This approach, however, requires the battery to be taken off-line from its circuit and connected to a 

45 calibrated resistor to determine state of charge. The process requires the battery to be subjected to two 
loads, one corresponding to a minimum current consumption level or load and the other a maximum 
consumption level or load. The process includes monitoring the load condition between the minimum and 
maximum load possibilities, periodically connecting the battery to a reference load when the minimum load 
is applied to the battery sampling the voltage across the reference load and comparing the sample voltage 

so to an array of predetermined levels, each corresponding to a different state of charge. The comparison 
thereby yields an indication of the present condition of the battery. 

A further arrangement determines state of charge of a battery based upon the integration of current. 
During the first portion of the discharge, the state of charge is evaluated by integrating the current after 
compensating for the rate of discharge. Later in the discharge, the state of charge of the battery is 

55 determined from the lowest subpack voltage corrected for polarization. Battery polarization is used to 
calculate a corrected battery voltage which is used to terminate discharge at an appropriate time. 

A more improved battery monitor is shown and described in U.S. Patent No. 4,876,513 which is 
assigned to the Assignee of the present invention. This monitor is a dynamic state of charge indicator for a 
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storage battery characterized by a discharge curve relating available energy of the battery to a contempora- 
neous voltage over a range of voltage boundaries having predetermined end points corresponding to fully 
charged and effectively discharged for one charge cycle. The indicator includes a microprocessor which 
stores predetermined relationships between the contemporaneous voltage and the state of charge of the 

5 battery. A voltage sensor and a current sensor are connected to monitor battery voltage and current flow 
and to provide corresponding voltage and current signals to the microprocessor. The microprocessor 
periodically computes the internal resistance of the battery, the average voltage and current for a 
predetermined discharge time period and a corrected voltage as a total of internal resistance voltage loss 
and average voltage with the state of charge being determined as a function of corrected battery voltage. 

w While the last mentioned battery monitor provided a distinct advancement in the art, there still remains 
a need in the art for a more effective battery monitor. For example, there is a need in the art for a battery 
monitor which is capable of providing indications of battery state of charge whether the battery is in 
discharge, recharge, or at rest. The aforementioned battery monitor disclosed in U.S. Patent No. 4,876,513, 
because it relies upon a measurement of internal battery resistance, requires that the battery be in 

15 discharge. As a result, the state of charge of the battery can only be determined when the battery is in 
discharge. Also, because the internal resistance measurement requires a fluctuating current, such measure- 
ments are subject to inaccuracies. 

SUMMARY OF THE INVENTION 

20 

The present invention provides a battery monitor for monitoring operating parameters of a battery and 
includes voltage sensor means for sensing battery voltage and providing a voltage sensor signal indicative 
of the battery voltage, current sensor means for sensing battery current and providing a current sensor 
signal indicative of the battery current, and processing means for reading the voltage sensor signal, for 

25 reading the current sensor signal, and for computing the operating parameters at spaced apart computing 
times. The battery monitor further includes memory means coupled to the processing means for storing 
selected ones of the last computed operating parameters and output means for providing output signals 
indicative of the predetermined ones of the operating parameters. The processing means computes the 
operating parameters at each of the spaced apart computing times responsive to the current sensor signal, 

30 the voltage sensor signal, and the stored selected ones of the last computed operating parameters. 

The present invention further provides a method for monitoring the operating parameters of a battery 
including the steps of providing a voltage sensor, sensing battery voltage and providing a voltage sensor 
signal indicative of the battery voltage, providing a current sensor, and sensing battery current and 
providing a current sensor signal indicative of the battery current. The method further includes the steps of 

35 providing processing means for reading the voltage sensor signal, for reading the current sensor signal, and 
for computing the operating parameters at spaced apart computing times, providing memory means 
coupled to the processing means, storing selected ones of the last computed operating parameters in the 
memory means, and causing the processing means to compute the operating parameters at each of spaced 
apart computing times responsive to the current sensor signal, the voltage sensor signal, and the stored 

AO selected ones of the last computed operating parameters. The method lastly includes providing output 
signals indicative of predetermined ones of the operating parameters. 

The present invention further provides a battery monitor for use with a battery, the battery monitor 
including processing means, voltage sensor means for sensing battery voltage and providing a voltage 
sensor signal to the processing means, and current sensing means for sensing battery current and 

45 providing a current sensor signal to the processing means. The processing means computes the rated 
capacity of the battery, the current capacity of the battery, the state of charge used by the battery, a factor 
of the battery, the absolute state of charge of the battery, and the relative state of charge of the battery. The 
battery monitor further includes output means for providing output signals including a signal indicative of the 
absolute state of charge of the battery. 

so The present invention still further provides a method of monitoring the absolute state of charge of a 
battery including the steps of providing processing means, providing voltage sensor means, sensing the 
voltage of the battery and providing a voltage sensor signal to the processing means, and providing current 
sensor means. The method further includes the steps of sensing the battery current and providing a current 
sensor signal to the processing means, causing the processing means to compute the rated capacity of the 

55 battery, the current capacity of the battery, the state of charge used by the battery, a factor of the battery, 
the absolute state of charge of the battery, and a relative state of charge of the battery, and providing an 
output signal indicative of the absolute state of charge of the battery. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The presently preferred way of carrying out the invention is described in detail below with reference to 
the drawings, in which: 

5 Figure 1 is a schematic block diagram illustrating the principal components of a battery monitor in 
accordance with the present invention. 

Figure 2 is a flow diagram illustrating the manner in which the battery monitor of Figure 1 may be 
implemented for monitoring a battery in accordance with the present invention. 

Figure 3 is a flow diagram illustrating the manner in which the battery monitor of Figure 1 may be 
10 implemented for monitoring a battery under discharge in accordance with the present invention. 

Figure 4 is a flow diagram illustrating the manner in which the battery monitor of Figure 1 may be 
implemented for monitoring a battery at rest in accordance with the present invention. 
Figure 5 is a flow diagram illustrating the manner in which the battery monitor of Figure 1 may be 
implemented for monitoring a battery under recharge in accordance with the present invention. 

75 

DETAILED DESCRIPTION 



Referring now to Figure 1, it illustrates, in block diagram form, a battery monitor 10 embodying the 
present invention. The battery monitor 10 is associated with a battery 12 such as a lead-acid battery and a 

20 load 14, which may be a varying load, such as the lighting, heating, operating, and starting systems of an 
automobile, for example. The battery monitor 10 as will be seen hereinafter, at spaced apart time intervals, 
measures the current, voltage, and temperature of the battery 12, and responsive to these measured 
quantities, provides output signals at an output 16 indicative of the operating characteristics of the battery 
12. The output signals may, for example, be indicative of the relative state of charge of the battery which is 

25 the percentage of battery capacity immediately available at a specified discharge rate, such as, the 20 hour 
rate. The output signals may also provide a signal indicative of the absolute state of charge of the battery 
which is the percentage of battery capacity the battery has if allowed to recuperate from recent usage. The 
absolute state of charge of the battery may also be based upon the 20 hour discharge rate. The output 
signals provided at output 16 may also be indicative of the output battery capacity which is the amount of 

30 amp-hours that the fully charged battery has if discharged at a specified discharge rate, such as, the 20 
hour rate. The output signals may further be indicative of the output battery capacity remaining which is the 
remaining amount of amp-hours the battery has if it is continued to be discharged at a specified discharge 
rate, such as, the 20 hour rate. The output signals may further be indicative of the output time to empty of 
the battery which is the time remaining until the battery reaches a specified output voltage, such as, 10.5 

35 volts, if discharged at a specified discharge rate, such as the present current level. A still further output 
signal may be indicative of the amp-hours required to fully recharge the battery. Other output signals may 
be indicative of the "time to full" which is the time required to fully recharge the battery if the battery is to 
be recharged at a specified rate, such as the present charging current level. A still further output signal may 
be indicative of the recommended recharge voltage, which is the voltage setting which will maximize the 

40 recharging time of the battery, while minimizing the debilitating effects of recharging. A still further output 
signal may be indicative of the critical restart temperature which represents the lowest temperature in which 
the battery will successfully supply enough energy to start an engine given the present battery condition. 

The battery monitor 10 generally includes a current sensor 18, a voltage sensor 20, and a temperature 
sensor 22. The battery monitor 10 further includes a timing means or timer 24, a processor 26, a first 

45 memory 28, a second memory 30, and an output means 32 which provides the output signals at output 16. 

The current sensor 18 is coupled in series between the battery 12 and the load 14 for sensing the 
current drawn from the battery 12 and may be of the form well known in the art for sensing the current 
within a circuit. The voltage sensor 20 is coupled across the battery 12 for sensing the output voltage of 
battery 12 and may be of a form well known in the art for sensing the voltage of a power source. The 

50 temperature sensor 22 may be of the form well known in the art for sensing the temperature of the battery. 
Alternatively, for those applications where the temperature of the battery is to be maintained at a known 
constant level, the temperature sensor 22 may be omitted and a fixed temperature utilized for generating 
the output signals indicative of the operating parameters of the battery. The current sensor 18, the voltage 
sensor 20, and temperature sensor 22 are all coupled to the processor 26 for providing the processor 26 

55 with current sensor signals, voltage sensor signals, and temperature sensor signals respectively. 

The timer 24 is coupled to the processor 26 to initiate computing times and to cause the processor, at 
spaced apart time intervals, to read the voltage sensor signal, the temperature sensor signal, and the 
current sensor signal for providing the output means 32 with intermediate control signals indicative of the 
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output parameters. The intermediate control signals may be multiple bit binary words which are converted 
to analog signals by a digital to analog converter (not shown) of the output means 32, for example. Although 
the timer 24 is shown external to the processor 26, as well known in the art, the timer 24 may be included 
within the processor 26 without departing from the present invention. Alternatively, the battery monitor may 

5 initiate computing times through a different mechanism. For example, the processor may initiate the 
computing time at the completion of one iteration. In these cases, the timer 24 would be coupled to the 
processor 26 to indicate the time elapsed between consecutive iterations, as in this example, the timer 24 
would indicate the time it took to complete the last iteration. 

The processor 26 includes another timer 38. This timer 38 maintains the elapsed time (etime) in which 

w the battery 12 is at rest. The timer 38, as will be seen hereinafter, is reset by the processor 26 when the 
battery is in either discharge or recharge, and hence not at rest. 

The processor 26 may take different forms. For example, the processor 26 may be a digital signal 
processor, a microprocessor, a microcontroller, or, a general purpose computer. The processor 26 is 
coupled to the first memory 28. The processor 26 obtains operating instructions from the first memory 28 

15 which may be a read-only memory to control its executions for generating the intermediate control signals 
indicative of the operating parameters of the battery 12 in a manner to be described hereinafter. The first 
memory 28 is coupled to the processor 26 by a multiple-bit bus 34 for providing the operating instructions 
to the processor 26. 

The second memory 30, which may be a random access memory, is coupled to the processor 26 by a 

20 multiple-bit bidirectional bus 36. The battery monitor 10, in accordance with the present invention, utilizes 
iterative processing for determining the operating parameters of the battery. The second memory 30 is 
utilized for storing selected ones of the operating parameters last computed by the processor 26 during the 
last iteration which are utilized by the processor 26 for determining the operating parameters of the battery 
12 during the next iteration. In addition, the second memory 30 may also be utilized by the processor 26 for 

25 storing measured values such as the current of the battery measured during the immediately preceding 
iteration. Each such measured value or operating parameter stored in the second memory 30 will therefore 
be referred to hereinafter as the last corresponding measured value or computed parameter. For example, 
in implementing the battery monitor 10, during each iteration, the microprocessor stores the newly 
calculated capacity of the battery, the integrated amp-hour state of charge of the battery, the absolute state 

30 of charge of the battery, a factor to be described hereinafter, and the current of the battery. The previously 
referred to factor, as will be seen hereinafter, is the difference between the absolute state of charge of the 
battery and the relative state of charge of the battery. 

As will be seen hereinafter, the relationships implemented by the processor 26 between the sensed 
current, sensed voltage, and sensed temperature of the battery provide a very accurate approximation of 

35 the operating parameters of the battery 12 under all conditions including discharge, rest, and recharge of 
the battery. These relationships require the use of a number of empirically determined constants. These 
constants, and the manner of empirically deriving the same, are discussed immediately hereinafter. 

Constant "a" is the best estimate of initial battery capacity. This constant is determined at a given 
discharge current rate (m) for a large number of batteries of the type to be monitored. 

40 Constant "b" is the best estimate of the initial battery state of charge. This constant is determined from 
a large number of batteries of the type to be monitored. 

Constant "c" is the maximum current magnitude expected when the battery is at rest. This constant is 
determined by measuring the current magnitude of a large number of batteries of the type to be monitored 
when at rest and under loads typical of the application of the battery to be monitored. 

45 Constant "d" is the current increment used to make values dimensionless. The value of this constant 
may be, for example, 1 ampere. 

Constant "e" is the minimum current magnitude that supports an accurate determination of the relative 
state of charge of the battery. This constant is determined by comparing the relative state of charge 
determined by the relative state of charge relationship to be described hereinafter with actual state of 

50 charge data to determine the minimum current magnitude that will support the relative state of charge 
determination to maintain sufficient accuracy. 

Constant "h" is a value used to determine if the open circuit voltage state of charge of the battery 
determined while the battery is at rest is close enough to the actual state of charge to be used. The value of 
this constant is selected to correspond to the average state of charge error goal which represents the 

55 expected cumulative average error in determining the battery state of charge. 

Constant "j" is a voltage increment used to make values dimensionless. This value may be, for 
example, 1 volt. 
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Constant "k" is the temperature increment used to make values dimensionless. This value may be, for 
example, 1 °F. 

Constant "I" is the time increment used to make values dimensionless. This value may be, for example, 
1 hour. 

5 Constant "m" is the battery current level upon which the rated capacity of the battery is based. This is 
also the current magnitude used to determine the initial battery capacity (a). 

Constant "t" is the time required to safely allow the battery voltage to settle after its last use. This 
constant is determined by noting voltage recovery rates of the battery type to be monitored at various state 
of charge levels and temperatures and selecting a value which corresponds to the average state of charge 

10 error goal. 

Constant "u" is the change in state of charge required to safely adjust the determined capacity value of 
the battery. This constant is selected to be slightly greater than the average state of charge error goal. 

Constant "v" is a weighting factor used for adjusting the determined capacity value of the battery during 
rest periods. This constant is determined by selecting a value which allows the determined capacity value 
75 of the battery to change at a rate slightly faster than the actual rate in which the capacity of the battery to 
be monitored changes during its lifetime. 

Constant "w" is the time required to partially allow the voltage of. the battery to settle after its last 
usage. This constant is determined by noting voltage recovery rates of the battery type to be monitored at 
various state of charge levels and temperatures and selecting a value which corresponds to the maximum 
20 state of charge error goal. 

Constant "y" is a weighting factor used for adjusting the determined capacity value of the battery 
during battery discharge. This constant is determined by selecting a value which allows the determined 
capacity value of the battery to change at a rate slightly faster than the actual rate in which the capacity of 
the battery to be monitored changes during its lifetime. 
25 Constant "z" is the maximum battery capacity expected for the battery to be monitored. This constant 
is determined by sampling a large number of batteries of the type to be monitored for the maximum battery 
capacity value possible for that type of battery. 

Constants "aa", "ab", "ac", "ad", M ae", and "at" are empirical constants utilized in the battery 
capacity relationship. These constants are determined by testing a large number of batteries of the type to 
30 be monitored for capacity at various temperature levels and discharge current levels. The values of these 
constants are selected such that the capacity relationship accurately predicts battery capacity at a given 
temperature and discharge current. 

Constants "ba", "bb", "be" and "bd" are empirical constants for the charge efficiency relationship to 
be described hereinafter. These constants are determined by testing a large number of batteries oMhe type 
35 to be monitored in a fully charged condition for steady state recharge current at various voltage levels and 
temperature levels. These constants are selected such that the charge efficiency relationship accurately 
predicts steady state recharge current at a given temperature and recharge voltage. 

Constants "ca" and "cb" are band limits for adjusting the absolute state of charge of the battery during 
discharge. These constants are determined by selecting values such that noise experienced in monitoring 
40 the battery is sufficiently filtered. Values for ca will always be less than one while value for cb will always 
be greater than one. Values of one represent maximum filtering. 

Constants "da", "db", "dc", "dd", "de", "df", "dg", "ga", and "gb" are empirical constants for the 
open circuit voltage state of charge relationship to. be described hereinafter. These constants are deter- 
mined by testing a large number of batteries of the type to be monitored for voltage at various state of 
45 charge levels, current levels, and temperature levels and collecting battery state of charge, voltage, 
temperature, and current data. These constants are selected such that the open circuit voltage state of 
charge relationship accurately predicts battery state of charge at a given voltage, temperature, and current. 

Constants "ea", "eb", "ec", "ed", "ee", "fa", and "fb" are empirical constants for the relative state of 
charge relationship to be described hereinafter. These constants are determined by completely discharging 
so a large number of batteries of the type to be monitored from a fully charged condition at various constant 
current levels and temperature levels and collecting battery voltage, current, and temperature data. For each 
discharge, the battery state of charge should be determined utilizing an amp-hour integration method, of the 
type well known in art, after determining battery capacity for that test. The values of these constants should 
be selected such that the relative state of charge equation accurately predicts battery state of charge at a 
55 given voltage, temperature, and current. 

Constants "ha", "hb" "he", "hd", "he", and "hf" are empirical constants for the recharge voltage 
relationship to be described hereinafter. These constants are determined by completely recharging a large 
number of batteries of the type to be monitored from a fully discharged condition at various constant current 
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levels and temperature levels and collecting battery voltage, current, and temperature data. For each 
recharge, the battery state of charge utilizing an amp-hour integration method, of the type well known in the 
art, is determined after correcting for charge efficiency and determining battery capacity for each test. The 
values of these constants are selected such that the recharge voltage relationship maximizes recharge 

5 current rate and minimizes charge inefficiency at high state of charge levels. 

Constants "Ja", "Jb", "Ic", "jd", "|e", and "jf" are empirical constants for the restart prediction 
relationship to be described hereinafter. These constants are determined by testing a large number of 
batteries of the type to be monitored for successful starting at various temperature, capacity, and state of 
charge levels within the applications the battery is expected to be used in. The values of these constants 

/o are selected such that the restart prediction relationship accurately predicts the lowest temperature which 
resulted in successful starting at a given state of charge level and battery capacity. 

Constants M xa" and "xb" are weighting factors used for adjusting the absolute state of charge value 
when the battery to be monitored is at rest. These constants are determined by noting voltage recovery 
rates at various state of charge levels and temperatures and selecting values which allow the absolute state 

15 of charge to change slightly faster than the average voltage recovery rate. 

The following is a list containing typical values for the constants described above for a 58/540 
Motorcraft battery manufactured by Globe-Union, Inc., the assignee of the present invention. 
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45 

Referring now to Figure 2, it is an. overall flow diagram illustrating the manner in which the battery 
monitor 10 illustrated in Figure 1 may be implemented for monitoring operating parameters of a battery, 
' such as battery 12. The battery monitor 10 begins in step 40 at start. As previously mentioned, the battery 
monitor 10 is implemented in accordance with an iterative process which utilizes previously determined 

50 battery parameters for determining, at spaced apart time intervals, new battery operating parameters. As a 
result, when the battery monitor 10 is initialized, it first must initialize the various operating parameters in 
step 42 for use in the first determination of the operating parameters, of the battery. The parameters of the 
battery to be initialized are the capacity of the battery (capacity), the integrated amp-hour state of charge of 
the battery (socahint), the absolute state of charge of the battery (abssoc), the estimated state of charge of 

55 the battery (soc), the time period at which the battery has been at rest (etime), the factor which is the 
difference between the absolute state of charge of the battery and the relative state of charge of the battery 
(factor), and the current of the battery (current). These parameters are initialized with the capacity being 
equal to constant a, the integrated amp-hour, state of charge of the battery equal to constant b, the absolute 
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state of charge of the. battery equal to constant b, and the estimated state of charge of the battery equal to 
constant b. The other initialized parameters are set equal to zero. 

Next, in step 44, the battery monitor 10 stores, in the random access memory 30, selected ones of the 
last measured and determined parameters. The battery monitor 10 stores in the second memory 30 the last 

5 battery current (Lcurrent), the last determined integrated amp-hour state of charge of the battery 
(Lsocahint), the last determined absolute state of charge of the battery (Labssoc), the last determined factor 
(Lfactor), and the last determined capacity of the battery (Lcapacity). When this is the first iteration following 
initialization of the battery monitor 10, the battery monitor 10 stores the initialized parameters in the second 
memory 30. Otherwise, the battery monitor 10 stores the above-noted parameters in the second memory 30 

io which were determined during the last iteration. 

After storing the selected ones of the last measured and determined parameters in step 44, the battery 
monitor then in step 46 measures the present values of the battery current (current), the battery voltage 
(volt), the battery temperature in degrees fahrenheit (tempf), and the time since the last iteration (deltime). 
The processor in step 46 reads the voltage sensor signal from the voltage sensor 20 to determine the 

75 present battery voltage, the current sensor signal from the current sensor 1 8 to determine the present 
battery current, and the temperature sensor signal from the temperature sensor 22 to determine the battery 
temperature. The processor 26 further computes the time period since the last iteration responsive to the 
timing signals provided by the timer 24. 

As previously mentioned, if the battery monitor 10 is implemented for determining the operating 

20 parameters of the battery at periodic intervals, the time since the last iteration may be treated as a constant, 
and therefore need not be determined by the processor 26. In addition, if the battery to be monitored is 
operated under known and constant temperature conditions, the temperature of the battery may also be 
treated as a constant and, in such a case, the processor 26 need not read a temperature sensor signal from 
the temperature sensor 22. 

25 After determining the aforementioned values in step 46, the battery monitor 10 proceeds to step 48 to 
determine the rated capacity (ratedcap) of the battery, and the current capacity (crntcap) of the battery. 
Before determining the rated capacity and current capacity of the battery, the processor 26 first determines 
a temperature compensating factor (tempcomp) which provides temperature compensation for the rated 
capacity and the current capacity. The processor 26 computes the temperature compensating factor in 

30 accordance with the relationship given below. 



tempcomp = aa - 



ab 



temf - ac 



35 



40 



After determining the temperature compensating factor, the processor 26 then determines the rated 
capacity of the battery in accordance with the relationship immediately below. 

ratedcap = Lcapacity + tempcomp 

Lastly, in performing step 48, the processor 26 determines the current capacity of the battery by 
utilizing the relationship immediately below wherein jl| represents the absolute value of the current of the 
battery. 



45 



crntcap = Lcapacity x 



ad - 



ae x I J| 



tempcomp 



50 



55 



After determining the capacities in step 48, the processor 26 then, in step 50, determines the factor 
which, as previously mentioned, represents the difference between the absolute state of charge of the 
battery and the relative state of charge of the battery. The processor 26 determines the factor in step 50 in 
accordance with the following relationship wherein At is the time since the last iteration (deltime). 



factor = Lfactor* 



Lcurrent] x (ratedcap-crntcap) x(At) 
{ratedcap x crntcap) 
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After determining the factor in step 50, the processor then in step 52 uses amp-hour integration to 
determine initial values of the integrated amp-hour state of charge, the absolute state of charge, and the 
relative state of charge (relsoc) of the battery. In performing step 50, the processor first determines the 
state of charge used by the battery (socused) since the last iteration. The state of charge used by the 
5 battery is determined by the relationship immediately below. 



socused = - Lcurrent x At 
ratedcap 

10 

After determining the state of charge used by the battery since the last iteration, the processor 26 then 
determines the integrated amp-hour state of charge of the battery in accordance with the relationship 
immediately below. 

15 

socahint = Lsocahint - socused 

After determining the integrated amp-hour state of charge of the battery, the processor 26 then 
determines the absolute state of charge of the battery by utilizing the following relationship. 

20 

abssoc = Labssoc - socused 

Lastly, in completing step 52, the processor 26 determines the relative state of charge of the battery. 
The processor 26 determines the relative state of charge of the battery by utilizing the relationship 
25 immediately below. 

relsoc = abssoc - factor 

Following step 52, the battery monitor 10 determines whether the battery is in discharge, is at rest, or is 

30 in recharge. The battery monitor 10 accomplishes this by the processor 26 first determining in step 54 if the 
battery is in discharge. The processor 26 performs step 54 by determining if the current determined in step 
46 is less than a negative current (-c) which is the maximum current magnitude which would indicate that 
the battery is at rest. If the battery current is less than this current, the battery is considered to be in 
discharge and the battery monitor 10 enters the discharge mode as indicated at reference character 56 

35 which will be described in detail hereinafter with respect to Figure 3. 

If the battery is not in discharge, the microprocessor then in step 58 determines if the battery is at rest. 
In performing step 58, the microprocessor determines if the battery current is equal to or less than zero but 
greater or equal to than -c. if the battery is at rest, the processor 26 enters the rest mode as indicated at 
reference character 60 which will be described in detail hereinafter with respect to Figure 4. If the battery is 

40 not in discharge and not at rest, it will therefore be considered to be in recharge and the battery monitor will 
then enter a recharge mode as indicated at reference character 62. The recharge mode will be described 
hereinafter in detail with respect to Figure 5. 

After the discharge mode 56, the rest mode 60, or the recharge mode 62 is completed, the battery 
monitor then proceeds to step 66 to limit the state of charge values determined in the discharge mode 56, 

45 the rest mode 60, or the recharge mode 62 in a manner to be described in greater detail hereinafter. After 
performing step 66, the battery monitor 10 proceeds to step 68 to provide the output parameter signals 
indicative of the operating parameters of the battery by the output means 32 at output 1 6 and awaits to 
begin the next iteration. Thereafter, the battery monitor 10 returns to step 44 to store the last measured and 
determined selected operating parameters of the battery to be used during the next iteration. 

so Referring now to Figure 3, it illustrates the manner in which the battery monitor 10 may be implemented 
for performing the discharge mode 56 illustrated in Figure 2. The discharge mode starts at the start step 
108. First, in step 110, the processor 26 resets timer 38 to reset the etime to zero since the battery is not at 
rest. Next, the processor 26 in step 112 determines if the relative state of charge relationship to be 
described hereinafter will be accurate. In performing step 112, the microprocessor determines if the current 

55 is less than a negative current (-e) which is the minimum current magnitude for which the discharge mode 
relative state of charge relationship is accurate. If the current is not less than -e, the microprocessor does 
not perform the discharge mode and returns at end step 122. However, if the current is less than -e, the 
processor then continues to step 114 to determine a corrected voltage (V pp ). In performing step 114, the 
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processor 26 utilizes the relationship immediately below. 



Vpp = volt - ea + ejbx(|j|) oc +- 2£ 

5 tempf + ee 

After determining the corrected voltage in step 114, the processor then proceeds to step 116 to 
determine the relative state of charge of the battery. In determining the relative state of charge of the 
70 battery in step 116, the microprocessor utilizes the relationship immediately below. 

relsoc = fa x ^ I Vp ?\ j , if Vpp < o, relsoc = - relsoc 

75 

It will be seen from above that if the corrected voltage (V pp ) is less than zero, the processor 26 sets the 
relative state of charge value as the negative of the relative state of charge value determined by the 
relationship immediately above. 
20 After determining the relative state of charge in step 116, the processor then proceeds to step 118 to 
determine the state of charge of the battery based upon the relative state of charge determined in step 116. 
In performing step 118, the microprocessor utilizes the relationship immediately below. 

abssoc - relsoc + factor 

25 

Before moving on to the next step, the processor places limits upon change in the absolute state of 
charge as determined by the relationship immediately above. In placing limits upon the change in absolute 
state of charge value from the last iteration, the microprocessor utilizes the following relationships. 

30 if Labssoc- abssoc < ca x socused, 
then abssoc - Labssoc - ca x socused 
if Labssoc- abssoc > cb x socused, 
then abssoc - Labssoc - cb x socused 

35 After placing limits upon the change. in absolute state of charge determined in step 118, the processor 
then in step 120 adjusts the capacity of the battery based upon the absolute state of charge determined in 
step 118 and the integrated amp-hour state of charge as defined in step 52, In performing step 120, the 
processor utilizes the following relationship. 

40 capacity- Lcapacity- y x (1 -abssoc) x (socahint- abssoc) xAf 

Once the capacity of the battery has been adjusted in step 120, the processor completes the discharge 
mode at step 122 and proceeds to step 66 as described earlier. As can be seen from the foregoing, the 
relative state of charge of the battery is determined with a high degree of accuracy without the need of 

45 determining the internal resistance of the battery which,; in the prior art, has been error prone and required a 
fluctuating current. Furthermore, by virtue of the present invention, the battery monitor 10 also determines 
the absolute state of charge of the battery based upon the relative state of charge of the battery within 
reasonable limits and makes an adjustment to the capacity of the battery based upon the determined 
absolute state of charge of the battery. 

50 Referring now to Figure 4, it illustrates the manner in which the battery monitor 10 may be implemented 
for performing the rest mode 60 as illustrated in Figure 2 in accordance with the present invention. The rest 
mode begins at start step 70. The processor 26 first, in step 72, deterrhines from timer 38 the time at which 
the battery has been at rest (etime). In performing step 72, the processor adds the time since the last 
iteration (deltime) to the rest time (etime) stored in the second memory 30. 

55 Next, in step 74, the battery monitor 10 determines a corrected voltage for the battery while at rest. In 
determining the corrected voltage (the open circuit voltage) of the battery while at rest, the processor 26 
utilizes the expression immediately below for adjusting the presently measured battery voltage for current 
and temperature conditions. 
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/ 1 






db x 1 








3 



T^r i -rrL df (tempf + dg) + volt-da 

/ tempf + dc \ de 



ocv = 



After determining the corrected voltage of the battery, the processor 26 then proceeds to step 76 to 
determine the open circuit voltage state of charge of the battery. In performing step 76 the processor 26 
w uses the relationship below. 

iffb 

ocvsoc * ga x | 1 ^ v v ' | , if ocv < o, ocvsoc = - ocvsoc 

75 



As can be seen from the above, if the corrected voltage is less than zero, then the open circuit voltage 
state of charge of the battery when at rest is considered to be the negative of the determined open circuit 
voltage state of charge value. This final value of the open circuit voltage state of charge of the battery is 

20 utilized to determine the absolute state of charge of the battery when at rest. 

Before determining the absolute state of charge of the battery when at rest, the processor first 
determines in step 78 if the open circuit voltage state of charge value determined in step 76 is accurate. 
The open circuit voltage state of charge value is determined to be accurate if the battery has remained at 
rest for a sufficient period of time to allow the battery voltage to settle out from it's last usage or by other 

25 means which will be described hereinafter, wherein these other means will advance the timer 38 (etime). In 
performing step 78, the microprocessor determines if the time at which the battery has been at rest is 
greater than a first time period t, which has been previously described. If the battery has been at rest for a 
time greater than t, then the processor proceeds to step 80 to determine if a capacity adjustment criteria 
has been met. In performing step 80, the processor determines if the difference between the absolute state 

30 of charge of the battery and the last state of charge of the battery stored in the second memory 30 is 
greater than a constant u which is the change in the state of charge required to safely adjust the capacity 
value. If the criteria has been met, the processor then proceeds to step 82 to adjust the capacity of the 
battery in accordance with the relationship immediately below. 

35 capacity- Lcapacity- v x (abssoc - Lsoc) x (abssoc - socahint) 

After adjusting the capacity of the battery in accordance with step 82, or after determining that the 
capacity adjustment criteria has not been met in step 80, the processor 26 then proceeds to step 84 to 
reset the state of charge values. In performing step 84, the processor sets the absolute state of charge 

40 equal to the open circuit voltage state of charge as determined in step 76 by overwriting the absolute state 
of charge value previously determined in step 52 with the open circuit voltage state of charge value 
determined in step 76. Also, the processor overwrites the integrated amp-hpur state of charge value 
previously determined in step 52 with the open circuit voltage state of charge value determined in step 76 
and sets the last state of charge value stored in the second memory 30 equal to the open circuit voltage 

45 state of charge value. Thereafter, the processor completes the rest mode at step 94 and proceeds to step 
66 as described earlier. 

If in step 78 the processor 26 determined that the rest time of the battery was insufficient to indicate 
that the open circuit voltage state of charge relationship was accurate, the microprocessor then proceeds to 
step 86 to determine if the rest time of the battery indicates that the open circuit state of charge value 

so determined in step 76 is approximate. In performing step 86, the processor determines if . the rest time of 
the battery is greater than an intermediate time period w which is the time required to partially allow the 
battery voltage to settle from its last usage and hence, is less than the time t. If the battery rest time 
indicates that the open circuit voltage state of charge value determined in step 76 is not approximate, the 
processor completes the rest mode at step 94 and proceeds to step 66 as described earlier. However, if in 

55 step 86, it determines that the open circuit voltage state of charge value determined in step 76 is 
approximate, the processor then proceeds to step 88 to determine if the absolute state of charge previously 
determined in step 52 would indicate that the open circuit voltage state of charge value determined in step 
76 is accurate. 
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w 



In performing step 88, the processor 26 determines if the absolute value of the difference between the 
open circuit voltage state of charge determined in step 76 and the absolute state of charge determined in 
step 52 is less than a constant h which is the value used to determine if the open circuit voltage state of 
charge is close enough to the actual state of charge to be used. If it is, the processor then advances the 
rest time of the battery to equal time t in step 90 so that upon the next iteration during rest, the processor, 
when performing step 78, will proceed to step 80 in finding the open circuit voltage state of charge value 
determined in step 76 to be accurate. If however the absolute state of charge determined in step 52 
indicates that the open circuit voltage state of charge value determined in step 76 is not close enough, the 
battery monitor 10 then proceeds to step 92 to adjust the state of charge values. In performing step 92, the 
processor sets the absolute state of charge equal to the open circuit voltage state of charge determined in 
step 76 and places band limits on the absolute state of charge by utilizing the band relationship indicated 
below. 



band' xa + xb x (etime) x (At) 
is if abssoc > labssoc + band, then abssoc - labssoc + band 
if abssoc < labssoc - band, then abssoc - fabssoc - band 

In completing step 92, the processor then determines if the absolute state of charge determined in step 
52 is within the band limits as shown above. These band limits define a given range such that the 

20 magnitude of the difference between the last absolute state of charge value and the band limits is less then 
the band. If the absolute state of charge value is within the band limits, no adjustment is made and the 
processor completes the rest mode at step 94 and proceeds to step 66 as described earlier. If the absolute 
state of charge value is outside the band limits, the absolute state of charge is set equal to the appropriate 
band limit, and then the processor completes the rest mode at step 94 and proceeds to step 66 as 

25 described earlier. 

Referring now to Figure 5, it illustrates the manner in which the battery monitor 10 may be implemented 
for performing the recharge mode 62 illustrated in Figure 2 in accordance with the present invention. In 
implementing the recharge mode, the battery monitor 10 begins at start step 96. In step 98, the battery 
monitor 10 first causes the processor 26 to reset the rest time of the battery (etime) to zero because the 
30 battery is not at rest. Next, in step 100, the processor 26 determines the amount of recharge current which 
is not being utilized for recharging the battery. This current is commonly referred to in the art as the 
gassing current (igas). In performing step 100, the processor utilizes the relationship immediately below. 



35 



igas = ba 



( vol t-bb) ( tempf+bc) 

[ —J- ) [—*—) 



bd 



After determining the gassing current in step 100, the processor then proceeds to step 102 to adjust the 
40 state of charge used by the battery to account for the inefficiency determined in step 100. In performing 
step 102, the processor determines if the last current stored in the second memory 30 is greater than the 
gassing current. If it is, the processor then determines a recalculated state of charge used by using the 
relationship immediately below. 

45 if Lcurrent > igas then, socused= ~ (Lcurrent-icras) x (At) 

ratedcap 

Since the battery is in recharge, the state of charge used by the battery since the last iteration will be a 
50 negative number and hence is really the state of charge added to the battery since the last iteration. 
Following step 102, the processor then proceeds to step 104 to adjust the state of charge values 
determined in step 52 based upon the negative state of charge used by the battery during recharge as 
determined in either step 102 or step 52 depending upon the value of the gassing current and since the last 
iteration. In performing step 104, the processor first determines the integrated amp-hour state of charge of 
55 the battery by utilizing the immediately following relationship. 

socahint - Lsocahint - socused 
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The integrated amp-hour state of charge of the battery as determined by the relationship immediately 
above is utilized to track the integrated amp-hour state of charge of the battery for determining battery 
capacity when the battery returns to a rest condition or a discharge condition. In completing step 104, the 
battery monitor 10 also determines the absolute state of charge of the battery by the processor 26 utilizing 
5 the relationship immediately below. 



ab$$oc = Labssoc - $ocu$ed 



As can be seen, the new absolute state of charge of the battery is equal to the last absolute state of 
10 charge of the battery stored in the random access memory 30 minus the state of charge used by the 
battery since the last iteration. Since the battery is in recharge, the state of charge used by the battery 
since the last iteration will be a negative value and thus, the absolute state of charge of the battery will be 
equal to the last absolute state of charge of the battery plus the state of charge added to the battery by the 
recharging thereof since the last iteration. 
75 Also in performing step 104, the battery monitor determines a new factor in accordance with the 
expression immediately below. 

factor - L factor -f socused 



20 



25 



30 



35 



40 



45 



After the new factor is determined by the expression immediately above, the microprocessor overwrites 
the previously determined factor which was determined in step 50. The processor then may also proceed to 
determine a new relative state of charge of the battery by determining the difference between the new 
absolute state of charge of the battery and the newly determined factor. Upon completing step 104, the 
processor completes the recharge mode at step 106 and proceeds to step 66 of Figure 2 as described 
earlier. 

Referring again to Figure 2, and more particularly to step 66, the processor 26 performs step 66 to limit 
the state of charge values determined during this iteration. In limiting the state of charge values, the 
processor first determines if the capacity is greater than z which represents the maximum expected battery 
capacity for the type being monitored. If the capacity is greater than z, then the processor sets the capacity 
equal to z. 

If the factor is less than zero, then the processor sets the factor equal to zero. If the absolute state of 
charge is greater than one, then the processor sets the absolute state of charge equal to one. If the 
absolute state of charge is less than zero, then the processor sets the absolute state of charge to zero. If 
the integrated amp-hour state of charge is greater than one, then the processor sets the integrated amp- 
hour state of charge equal to one. If the integrated amp-hour state of charge is less than zero, then the 
processor sets the integrated amp-hour state of charge equal to zero. If the relative state of charge is 
greater than the absolute state of charge minus the factor, then the processor sets the relative state of 
charge equal to the absolute state of charge minus the factor. Lastly, in step 66, if the relative state of 
charge is less than zero, the processor sets the relative state of charge equal to zero. 

Following step 66 wherein the processor limits the state of charge values, it then proceeds to step 68 to 
cause the output means 32 to output signals indicative of the operating parameters of the battery. One 
output signal may be indicative of the relative state of charge of the battery. Another output signal may be 
indicative of the absolute state of charge of the battery. Another output signal may be indicative of the 
battery capacity which is the battery capacity, if fully charged, at a current level (curr). To cause the output 
means to provide this signal, the processor first determines the output battery capacity (cap) according to 
the following relationship. 



50 



cap = capacity x 



ad- 



ae x \curr\ 



curr 



af 



+ tempcomp 



Another output signal provided by the output means 32 may be indicative of the output battery capacity 
55 (dcap) remaining at the current level (curr). In causing the output means to output this signal (dcap), the 
processor utilizes the following relationship. 



dcap ~ relsoc x cap 
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Another output signal provided by output means 32 may be indicative of the time to empty of the 
battery at the current level (curr). This is the time in which a 12 volt battery will be discharged to 10.5 volts 
if it is continued to be discharged at the current level (curr). To cause the output means to output this 
5 signal, the microprocessor utilizes the relationship immediately below. 



TTE = i dca ^ | 
|curr| 

w 

A still further output signal may be an output signal indicative of the amp-hours required to fully 
recharge the battery. In causing the output means to output this signal, the microprocessor utilizes the 
following relationship. 



15 



ccap - (\ - abssoc) x ratedcap 



Another output signal which may be provided by the output means 32 is a signal which indicates the 
time to fully recharge the battery if the battery is recharged at a current level (curr). This signal may be 
20 referred to as the time to full (ttf) and in causing the output means 32 to provide this signal, the processor 
26 utilizes the expression immediately below. 



TTF = CCap 

25 curr 

A still further output signal provided by the output means 32 indicative of the operating parameters of 
the battery being monitored is a recommended recharge voltage (rvolt). This signal indicates a recom- 
30 mended recharge voltage which maximizes recharge time while minimizing damage to the battery during 
recharge. In causing the output means 32 to provide this signal, the processor 26 utilizes the following 
relationship. 

35 rvolt = ha + ^ — — - hfx(relsoc ■'+ hd) hG 

tempf + he 



Further, the output means 32 may provide an output signal indicative of the critical restart temperature 
40 for the battery. This temperature is the temperature below which the battery will be incapable of starting an 
engine, for example. In causing the output means 32 to provide this output signal, the processor 26 utilizes 
the following relationship. 

45 stemp = ja * 2£ L" + 2^ 

(abssoc) JC I capacity .\l £ 
\ z - je J 

50 As can be seen from the foregoing, the present invention provides a new and improved battery monitor 
and method for monitoring the operating parameters of a battery. The battery monitor of the present 
invention is capable of monitoring and providing output signals indicative of the operating parameters of the 
battery whether the battery is in discharge, rest, or is in recharge. The operating parameters provided by 
the battery monitor of the present invention not only includes the capacity of the battery when the battery is 

55 in discharge or recharge, but in addition, the absolute state of charge of the battery and the relative state of 
charge of the battery whether the battery is in discharge, recharge, or at rest. In addition, the battery 
monitor of the present invention provides other useful information and indications to a user including the 
time in which the battery will be discharged, the time in which the battery will be fully charged when being 



15 



EP 0 560 468 A1 



recharged, and an indication when the temperature is below a critical restart temperature. 

By virtue of the present invention, such indications are made possible without the previously required 
determinations of internal resistance of the battery. Furthermore, such indications can be made on the fly 
without the battery having to be removed from its application to determine its current state of charge or 
5 capacity independent of the operating mode. 

While a particular embodiment of the present invention has been shown and described, modifications 
may be made, and is therefore intended in the appended claims to cover all such changes and 
modifications which fall within the true spirit and scope of the invention. 

w Claims 

1. A battery monitor for monitoring operating parameters of a battery (12), the battery monitor being a 
monitor of the type that includes a voltage sensor (20) for sensing the voltage of the battery (12) and 
providing a voltage sensor signal indicative of the voltage of the battery (12), a current sensor (18) for 

;5 sensing the current of the battery (12) and providing a current sensor signal indicative of the current of 
the battery (12), and a processor (26) for reading the voltage sensor signal and the current sensor 
signal, the battery monitor characterized by: 
a memory (30) coupled to the processor (26); 
an output (32) coupled to the processor; 
20 the battery monitor being further characterized in that 

the processor (26) determines the operating parameters of the battery (12) at spaced apart 
computing times; 

the processor stores in the memory (30) selected ones of the last determined operating param- 
eters; 

25 the processor (26) determines predetermined ones of the operating parameters at each of the 

spaced apart computing times responsive to the current sensor signal, the voltage sensor signal and 
the stored selected ones of the last determined operating parameters, and 

the output (32) provides output signals including output signals indicative of the predetermined 
ones of the operating parameters. 

30 

2. A battery monitor as defined in claim 1 further characterized in that the predetermined ones of the 
operating parameters include the absolute state of charge of the battery (12), and in that, when the 
battery (12) is in discharge, the processor (26) determines: 

a factor representing the difference between the absolute state of charge of the battery (12) and a 
35 relative state of charge of the battery (12), 

the absolute state of charge of the battery (12) from the sum of a relative state of charge of the 
battery (12) and the factor, 

the relative state of charge of the battery (12) based upon a corrected battery voltage, and . 

the corrected battery voltage in response to the voltage sensor signal and the current sensor 
40 signal. 

3. A battery monitor as defined in claim 2 further characterized by a temperature sensor (22) for sensing 
the temperature of the battery (12) and providing the processor (26) with a temperature sensor signal 
indicative of the temperature of the battery (12) and in that the processor (26) determines the corrected 

45 battery voltage responsive to the temperature sensor signal. 

4. A battery monitor as defined in claim 2 further characterized in that the processor (26) stores the last 
read current sensor signal and the last determined factor of the battery (1 2) in the memory (30), in that 
the processor (26) determines a rated capacity of the battery (12) and a current capacity of the battery 

so (12), and in that the processor (26) determines the factor based upon the rated capacity of the battery 
(12), the current capacity of the battery (12), the stored last determined factor of the battery (12), the 
time since the last the determining time, and the stored last read current sensor signal. 

5. A battery monitor as defined in claim 4 further characterized by a temperature sensor (22) for sensing 
55 the the temperature of the battery (12) and providing the processor (26) with a temperature sensor 

signal indicative of the the temperature of the battery (1 2) and in that the processor (26) is responsive 
to the temperature sensor signal for determining a temperature compensation value for determining the 
rated capacity of the battery (12) and the current capacity of the battery (12). 
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6. A battery monitor as defined in claim 1 further characterized in that, when the battery (12) is at rest, the 
processor (26) determines: 

an open circuit voltage of the battery (12) responsive to the voltage sensor signal and the current 
sensor signal, and 

5 an open circuit voltage state of charge of the battery (12) from the open circuit voltage. 

7. A battery monitor as defined in claim 6 further characterized in that the predetermined ones of the 
operating parameters include the absolute state of charge of the battery (12), and in that the processor 
(26) determines if the open circuit voltage state of charge is accurate and sets the absolute state of 

w charge of the battery (12) equal to the open circuit voltage state of charge of the battery (12) when the 
processor (26) determines that the open circuit voltage state of charge is accurate. 

8. A battery monitor as defined in claim 7 further characterized in that the processor (26) determines that 
the open circuit voltage state of charge is accurate when the battery (12) has been at rest for a period 

15 of time greater than a first time period. 

9. A battery monitor as defined in claim 8 further characterized by a timer (24) for determining the time in 
which the battery (12) is at rest. 

20 10. A battery monitor as defined in claim 8 further characterized in that, when the battery (12) has been at 
rest for a second time period, the processor (26): 

sets the absolute state of charge of the battery (12) equal to the open circuit voltage state of 
charge of the battery (12), and 

adjusts the absolute state of charge of the battery (12) to within a given range of values if the open 
25 circuit voltage state of charge of the battery (12) is outside of the given range of values. 

11. A battery monitor as defined in claim 2 further characterized in that the processor (26) limits the value 
of the computed relative state of charge of the battery (12) and stores the limited relative state of 
charge value of the battery (12) in the memory (30), and in that the processor (26) limits the value of 
30 the computed relative state of charge of the battery (12) between the difference between the last stored 
limited relative state of charge value and the quantity of a first constant times the the state of charge 
used by the battery (12) and the difference between the last stored limited relative state of charge value 
and the quantity of a second constant times the the state of charge used by the battery (12). 

35 12. A battery monitor as defined in claim 1 further characterized in that, when the battery (12) is in 
recharge, the processor (26) determines a gassing current of the battery (12) responsive to the voltage 
sensor signal, said gassing current representing the amount of recharge current which is not being 
used to recharge the battery (1 2). 

40 13. A battery monitor as defined in any one of claims 1 through 12 further characterized in that the 
processor (26) determines whether the battery (12) is at rest, in a recharge state or in a discharge state 
responsive to the current sensor signal. 

14. A battery monitor as defined in claim 1 further characterized in that the predetermined ones of the 
45 operating parameters include at least one operating parameter of the set of operating parameters 

including the relative state of charge of the battery (12), the fully charged output capacity of the battery 
(12) at a given discharge current, the remaining output capacity of the battery (12) at a given discharge 
current, the time to empty of the battery (12) representing the time in which the battery (12) will be fully 
discharged at a given discharge current, the required amp-hours to fully recharge the battery (12), the 
50 time to fully recharge the battery (12) at a given recharge current, a recommended recharge voltage for 
recharging the battery (12), and a critical restart temperature of the battery (12). 

15. A battery monitor (10) as defined in claim 1 further characterized in that the predetermined ones of the 
operating parameters include the absolute state of charge of the battery (12), and in that the processor 

55 (26) further determines at each of the computing times and stores in the memory (30) a factor 
representing the difference between the absolute state of charge of the battery (12) and a relative state 
of charge of the battery (12) by determining, when the battery (12) is in recharge, the difference 
between a factor previously stored in the memory (30) and the state of charge added to the battery (12) 
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since the last computing time, and in that the processor determines a relative state of charge of the 
battery (12) responsive to the absolute state of charge of the battery (12) and the last determined factor 
stored in the memory (30). 

16. A method of monitoring the absolute state of charge of a storage battery (12), the method characterized 
by the steps of; 

sensing the voltage of the battery (12) and providing a voltage sensor signal to a processor (26); 
sensing the battery current and providing a current sensor signal to the processor (26); 
causing the processor (26) to compute: 

(a) the rated capacity of the battery (12); 

(b) the current capacity of the battery (12); 

(c) the state of charge used by the battery (12); 

(d) a factor of the battery (12); 

(e) the absolute state of charge of the battery (12); and 

(f) the relative state of charge of the battery (12); and 

providing an output signal indicative of the absolute state of charge of the battery (12). 

17. A method as defined in claim 16 further characterized by the step of computing the state of charge 
used by the battery (12) when the battery (12) is in the recharge state by multiplying the difference 
between a gassing current, derived from the voltage sensor signal, and the current sensor signal, by 
the time since a last the computing time, and dividing by the rated capacity of the battery (12). 
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